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PURPOSE: To obtain a perpendicular magnetic 
recording medium having a higher coercive force. 
CONSTITUTION: A perpendicular magnetic recording 
medium is formed by laminating, on a non-magnetic 
substrate 1, a soft magnetic reinforcing layer 2, a first 
intermediate layer 3, a second intermediate layer 4 
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anisotropy. A higher coercive force suitable for high 
density recording can be obtained by forming the first 
intermediate layer with carbon. Moreover, a 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Vertical-magnetic-recording data medium characterized by ** said whose 1st interlayer it is vertical- 
magnetic-recording data medium which comes to carry out the laminating of the record magnetic layer which has the 
artificial grids structure which has a soft magnetism layer, the 1st interlayer, the 2nd interlayer, and a perpendicular 
magnetic anisotropy on a nonmagnetic substrate, and is carbon. 

[Claim 2] Vertical-magnetic-recording data medium according to claim 1 whose record magnetic layer is Co/Pt artificial 
latticed layer and whose 2nd interlayer is Pt metal layer. 

[Claim 3] Vertical-magnetic-recording data medium according to claim 1 whose record magnetic layer is Co/Pd 
artificial latticed layer and whose 2nd interlayer is Pd metal layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to vertical-magnetic-recording data medium used for vertical magnetic 

recording. 

[0002] 

[Description of the Prior Art] In recent years, still higher storage capacity is demanded of the hard disk drive used by 
computer etc. by high capacity-ization of software. Moreover, a hard disk drive is also inevitably miniaturized by the 
miniaturization of a personal computer, and the thing of recording density high as magnetic-recording data medium is 
called for. Vertical magnetic recording is proposed as such one technique of attaining high recording density. 
[0003] In vertical magnetic recording, although record of super-high recording density is attained by recording on the 
record bit by which orientation was carried out perpendicularly, in order to plan stability of a record bit, since the record 
bit is recorded perpendicularly, it is influenced [ strong ] of an anti-magnetic field. Since this anti-magnetic field and 
external magnetic field can be borne, the thing of high coercive force is demanded. 

[0004] Data medium which has the vertical-magnetic-recording layer which consists of Co/Pt and Co/Pd artificial 
latticed layer as vertical-magnetic-recording data medium which has high coercive force is proposed. Vertical-magnetic- 
recording data medium which consists of this artificial latticed layer considers as the method of making coercive force 
high, although usually produced with a spatter, vacuum deposition, etc., and various examination is made. 
[0005] For example, between the method (P. F.Carcia and W.B.Zeper, IEEE Trans.Magn., Vol.26, 1703, and 1990) and 
soft magnetism layer which carry out sputtering rather than Ar, using Kr and Xe as sputtering gas, and artificial latticed 
layer The thing (C-Y You, J.Hur and S-C Shin, J.Appl.Phys., Vol.73, 5951, 1993) using suitable interlayers, such as Pt 
and Pd metal, etc. is reported. 

[0006] However, since the main pole of the magnetic head and the distance of a soft magnetism layer would become far 
and record regeneration efficiency would fall, if this interlayer's thickness is thick, while the thinnest possible interlayer 
was desired, there is a problem that coercive force will decline if too conversely thin, and storage capacity falls, and 
vertical-magnetic-recording data medium which has the interlayer who fulfills both property of these was not obtained. 
[0007] Moreover, in order to make coercive force high, what prepared the metal layer of Pt or Pd in the bottom of the 
vertical-magnetic-recording layer which consists of artificial latticed layer, and the thing which prepared the metal layer 
of Pt or Pd between the grids of the artificial latticed layer are indicated by JP,6-52535,A. 

[0008] However, what has still more sufficient coercive force is not obtained, but the thing of still higher coercive force 
is needed by vertical-magnetic-recording data medium by such conventional technology. Moreover, Kr and Xe gas are 
expensive compared with Ar, and more effective vertical-magnetic-recording data medium was called for. 
[0009] 

[Problem(s) to be Solved by the Invention] This invention is made for the purpose of solving the technical problem that 
vertical-magnetic-recording data medium which consists of artificial latticed layer which has the high coercive force 
which was not able to be acquired in a Prior art is obtained economically, as mentioned above, and it comes to be 
completed based on the knowledge which examined an interlayer's configuration and the quality of the material which 
are established between the soft magnetism layer formed on the nonmagnetic substrate, and the artificial latticed layer, 
and was acquired. 
[0010] 

[Means for Solving the Problem] The feature of this invention is vertical-magnetic-recording data medium which comes 
to carry out a laminating in a record magnetic layer which has artificial latticed layer which has a soft magnetism layer, 
the 1st interlayer, the 2nd interlayer, and a perpendicular magnetic anisotropy on a nonmagnetic substrate, and is 
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vertical-magnetic-recording data medium whose 1st interlayer is carbon. Moreover, it is vertical-magnetic-recording 
data medium of said configuration, and is vertical-magnetic-recording data medium whose record magnetic layer is 
Co/Pt artificial latticed layer, whose 1st interlayer is carbon and whose 2nd interlayer is Pt metal layer. Furthermore it is 
vertical-magnetic-recording data medium of said configuration, and is vertical-magnetic-recording data medium whose 
record magnetic layer is Co/Pd artificial latticed layer, whose 1st interlayer is carbon and whose 2nd interlayer is Pd 
metal layer. 

[001 1] Hereafter, this invention is further explained to details with reference to a drawing, a soft magnetism layer forms 
vertical-magnetic-recording data medium of this invention on a nonmagnetic substrate - having — a it top - 
respectively - the quality of the material - things - it is vertical-magnetic-recording data medium of structure of 
coming to carry out the laminating of the record magnetic layer which has artificial latticed layer which the 1st 
interlayer and the 2nd interlayer are formed and has a perpendicular magnetic anisotropy on it. 
[0012] The nonmagnetic substrate 1 can use that to which degrees of hardness, such as aluminum, an aluminium alloy, 
glass, ceramics, plastics, carbon, and silicon, can take out smooth nature easily highly, and corrosion resistance is 
usually superior. The smooth surface is made to the nonmagnetic substrate 1 by chemical method, mechanical method, 
or physical method, or a texture ring which has concentric circle-like irregularity after that is formed. 
[0013] A soft magnetism alloy which has high permeability, such as CoZr system alloys, such as NiFe system alloys, 
such as CuMoNiFe and NiFeNb, and CoZrNb, a FeAl system alloy, and a MnZn ferrite, can be used for the soft 
magnetism layer 2. 

[0014] The 1st interlayer f s 3 quality of the material is carbon. Although the 1st interlayer who consists of this carbon is 
formed of sputtering, he is not usually limited to this. Although the thickness is about 1-1 Onm, l-5nm is preferably good 
from magnitude of coercive force and a playback output. 

[0015] The 2nd interlayer 4 is the same as a metal which constitutes artificial latticed layer, and is formed. For example, 
when artificial latticed layer is Co/Pt, the 2nd interlayer 4 is formed by Pt. Moreover, when artificial latticed layer is 
Co/Pd, the 2nd interlayer 4 is formed by Pd. 

[0016] The record magnetic layer 5 is formed by artificial latticed layer, and is a magnetic layer which has a 
perpendicular magnetic anisotropy. Material which forms artificial latticed layer has noble metals, such as Pt or Pd, in 
Co system alloys, such as Co or CoCr, CoCrPt, and CoCrPtTa, and a list. For example, Co/Pt or Co/Pd artificial 
latticed-layer, CoCr/Pt, or CoCr/Pd artificial latticed layer etc. is formed. Co metal or Co system alloy layer thickness is 
about lnm or less, and thickness of noble-metals layers, such as Pt or Pd, is about lnm or less. Since a case of Co/Pt or 
Co/Pd artificial latticed layer is suitable for industrial manufacture and it is easy to carry out control of a property, it is 
more desirable. 

[0017] A protective layer 6 is usually formed with oxides, such as carbon, and Si, Zr, Hf, Cr, a nitride, carbide, etc. 
Moreover, a lubricating layer may be formed in the protective coat surface in order to receive the lubricity of a 
protective coat. 
[0018] 

[Function] It is the 1st interlayer on the soft magnetism layer formed on the nonmagnetic substrate in vertical-magnetic- 
recording data medium of this invention. The layer which consists of carbon is formed, the record magnetic layer which 
has a perpendicular magnetic anisotropy by carrying out sequential formation of the artificial latticed layer, such as 
Co/Pt, Co/Pd, a CoCr system alloy / Pt, and a CoCr system alloy / Pd, as Pt or Pd metal layer, and a record magnetic 
layer as the 2nd interlayer further is obtained, and vertical-magnetic-recording data medium in which the high density 
record with a large playback output is possible is obtained by high coercive force. 

[0019] What is necessary is just to make the perpendicular magnetic anisotropy high, in order to make coercive force of 
the artificial latticed layer high. In order to make a perpendicular magnetic anisotropy high, there is the method of 
controlling the crystal structure of the metal layer as the 2nd interlayer who is the substrate of the artificial latticed layer, 
and controlling the crystal orientation of the artificial latticed layer by which a laminating is carried out to the upper 
part, usually - for this reason, although controlled by thickening thickness of this 2nd interlayer's metal layer, it 
becomes possible to control the crystal structure of this 2nd interlayer ! s metal layer by forming the 1st interlayer who 
consists of an element of further others as a substrate of this metal layer. 

[0020] For example, by growing up the 2nd interlayer who becomes the upper part of the 1st interlayer who consists of 
carbon formed on the soft magnetism layer from Pt or Pd metal, the crystal orientation of Pt or Pd metal layer can be 
raised, and the crystal orientation of Co/Pt grown up into the upper part or the Co/Pd artificial latticed layer can also be 
raised. Therefore, the magnetic anisotropy of the artificial latticed layer becomes possible [ becoming high and 
acquiring high coercive force ]. 
[0021] 
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[Example 1] the aluminium alloy with outer-diameter [ of 95mm ], bore [ of 25mm ], and a thickness of 1.27mm 
substrate 1 top - as the soft magnetism layer 2 — nickel80Fe20 (atomic % shows the empirical formula of a magnetic 
material layer hereafter) with a thickness of 7 micrometers - the galvanizing method - forming - a it top -- as the 1st 
interlayer 3 - a 2.5nm carbon layer - Pt metal layer was further formed by the sputtering method as the 2nd interlayer 4 
on it, respectively. Here, thickness of Pt metal layer was made into three kinds (10 and 20 or 40nm) (No.l - 3). 
Furthermore, in each, the x20 layer artificial latticed layer was formed as a record magnetic layer 5 (CoO.68 nm/Pt 
0.3 8nm), the lOnm carbon layer was formed as a protective layer 6 of the upper part, and vertical-magnetic-recording 
data medium was produced. It measured by the method of showing the magnetic properties and record reproducing 
characteristics of these data medium below. The result is shown in a table 1 . 
[0022] 
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[0023] The measuring method of magnetic properties: (Measuring method of magnetic properties) Coercive force was 
measured with the Kerr effect measurement machine (impression magnetic field 15kOe). 

[0024] (Measuring method of a playback output) The playback output of data medium was measured on peripheral- 
speed 4 m/s and the record frequency of 0.5MHz using the single magnetic pole arm head with the quality of the 
material CoZrNb, the width of recording track of 7 micrometers, and 40 coiling, contacting an arm head to data 
medium. 

[0025] (Example 1 of a comparison) It is nickel80Fe20 with a thickness of 7 micrometers as a soft magnetism layer 2 on 
the aluminium alloy substrate 1 with the outer diameter of 95mm, a bore [ of 25mm ], and a thickness of 1.27mm. It 
forms by the galvanizing method (atomic % shows the empirical formula of a magnetic material layer hereafter). The 
2nd interlayer 4 is formed without forming the 1st interlayer's 3 carbon layer, and the thickness of Pt metal layer at this 
time is the same as that of an example 1 (No.01-No.03). To what was carried out Furthermore, the x20 layer artificial 
latticed layer was formed as a record magnetic layer 5 (CoO.68 nm/Pt 0.38nm), the lOnm carbon layer was formed as a 
protective layer 6 of the upper part, in each, and vertical-magnetic-recording data medium was produced. The magnetic 
properties and record reproducing characteristics of these data medium were measured by the same method as an 
example, and were shown in a table 1 . Moreover, although the artificial latticed layer of 20 layers was made to form like 
the above directly, without forming the 2nd interlayer only by forming 2.5nm of the 1st interlayer f s carbon layers and 
vertical-magnetic-recording data medium was produced, what has good coercive force and a good playback output was 
not obtained. 

[0026] Compared with data medium in which data medium of the formed example 1 whose carbon layer of the 1st 
interlayer is 2.5nm, and which is does not have the carbon layer of the 1st interlayer of the example 1 of a comparison, it 
turns out that coercive force is high to the thickness of Pt metal layer which is the 2nd interlayer who corresponds, 
respectively. Therefore, when acquiring the same coercive force, if the data-medium configuration of an example 1 is 
taken, the 2nd interlayer ! s Pt metal layer can be made thinner than the example 1 of a comparison. 
[0027] (An example 2 and example 2 of a comparison) It is nickel80Fe20 with a thickness of 7 micrometers as a soft 
magnetism layer 2 on the aluminium alloy substrate 1 with the outer diameter of 95mm, a bore [ of 25mm ], and a 
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thickness of 1.27mm. (atomic % shows the empirical formula of a magnetic material layer hereafter) — the galvanizing 
method ~ forming ~ a it top - as the 1st interlayer 3 - a 2.5nm carbon layer - Pd metal layer was further formed by the 
sputtering method as the 2nd interlayer 4 on it, respectively. Here, thickness of Pd metal layer was made into three kinds 
(10 and 20 or 40nm) (No.4 - 6). Furthermore, in each, the x20 layer artificial latticed layer was formed as a record 
magnetic layer 5 (CoO.68 nm/Pd 1 . 1 8nm), the 1 Onm carbon layer was formed as a protective layer 6 of the upper part, 
and vertical-magnetic-recording data medium was produced. It is an example 2 except not forming the 1st interlay er's 
carbon layer. Vertical-magnetic-recording data medium (example of comparison 2:No.04 -06) was produced like No.4 - 
6. The magnetic properties and record reproducing characteristics of these data medium were measured by the same 



method as an example 1. The result is shown in a table 2. 
[0028] 

A table 2] 
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[0029] Consequently, compared with data medium in which data medium of the example 2 whose carbon layer of the 
1 st interlayer is 2.5nm, and which is formed does not have the carbon layer of the 1 st interlayer of the example 2 of a 
comparison, it turns out that coercive force is high to the thickness of Pt metal layer which is the 2nd interlayer who 
corresponds, respectively like [ case / where the 2nd interlayer of an example 2 is Pd metal layer ] the property of an 
example 1. Therefore, when acquiring the same coercive force, if the data-medium configuration of an example 1 is 
taken, the 2nd interlayer's Pt metal layer can be made thinner than the example 1 of a comparison. 
[0030] (An example 3 and example 3 of a comparison) It is nickel80Fe20 with a thickness of 7 micrometers as a soft 
magnetism layer 2 on the aluminium alloy substrate 1 with the outer diameter of 95mm, a bore [ of 25mm ], and a 
thickness of 1 .27mm. It formed by the galvanizing method (atomic % shows the empirical formula of a magnetic 
material layer hereafter), and the thickness of the 1st interlayer^ 3 carbon layer was changed on it with 0 nm (example 3 
of a comparison), and one to 10 nm (example 3:No.7 - 1 1), and 22nm Pt metal layer was further formed by the 
sputtering method as the 2nd interlayer 4 on it, respectively. In each, the x20 layer artificial latticed layer was formed as 
a record magnetic layer 5 (CoO.68 nm/Pt 0.38nm), the lOnm carbon layer was formed as a protective layer 6 of the 
upper part, and vertical-magnetic-recording data medium was produced. The magnetic properties and record 
reproducing characteristics of these data medium were measured by the same method as an example 1 . The result is 
shown in a table 3. 
[0031] 
[A table 3] 
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[0032] Consequently, compared with the case where there is no carbon layer of the 1st interlayer, coercive force in case 
there is the 1st interlayer's carbon layer, and a playback output are high, and especially, when the thickness of the 1st 
interlayer's carbon layer is l-5nm, they are understood that coercive force is highly good. The playback output of 
vertical-magnetic-recording data medium has the coercive force of data medium, and strong correlation by l-5nm, and 
such a high playback output is obtained that coercive force is high. Therefore, it becomes possible to obtain data 
medium excellent in the recording density property, being able to obtain a playback output equivalent to the example 1 
of a comparison, if the data-medium configuration of an example 1 is taken. 
[0033] 

[Effect of the Invention] According to this invention, by forming a carbon layer as the 1st interlayer on a soft magnetism 
layer, and forming metal layers, such as Pt and Pd, as the 2nd interlayer on it further, it has high coercive force and 
vertical-magnetic-recording data medium suitable for the high density record with a high playback output can be 
obtained. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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